To analyze the physical properties of seismic reflectors as possible indicators of the presence of fluids, we apply a processing sequence based on preserved amplitude prestack depth migration/inversion (PSDM) coupled with a post-processing of the depth migrated image. Aim of the post-processing is to remove the effects of the limited source bandwidth, that is, to build a structural velocity model and an impulsional migrated section from the limited-bandwidth migrated image and to estimate the uncertainties of velocities and layer thicknesses. We present here an application of this depth-domain processing sequence to a 2D multichannel seismic reflection dataset for the study of the décollement reflector in the Gulf of Guayaquil (Ecuadorian margin). Preliminary results show that the décollement mainly corresponds to a layer of 80-100 meters in thickness with a mean and maximum negative velocity contrasts of -50 m/s and -150m/s respectively on top of it. Along the décollement, these negative velocity contrasts result from the contrast in the physical properties between the subducted sediments and the overriding plate materials above the décollement. Very likely, this velocity decrease is also associated with changes in fluid pressure.
INTRODUCTION
In subduction zones, the décollement is a gentle slope fault zone that acts as a mechanical division between the sediments being carried by the subducting plate and the materials of the overriding plate. Multichannel seismic surveys have shown that the décollement is a strong reflector between 3 and 15 km in depth, that generally exhibits an inversion of polarity. Most of the available information has been provided by seismic reflection data (e.g., ) calibrated by in situ (drilling, borehole) data. One important issue is the role of fluids in the formation and mechanical behavior of the décollement. Numerous studies involving forward modeling and inversion of multichannel seismic reflection data have been carried out to constrain seismic velocity variations due to fluids inside and below the décollement (e.g., ). However, the small scale velocities inside and below the décollement are still poorly known.
METHODOLOGY
In this work, we have designed an integrated approach to obtain a fine scale image of the décollement area. The integrated approach is subdivided into 2 main steps: (1) iterative asymptotic prestackdepth migration/inversion to obtain a 2-D band-limited migrated image parametrized by P-wave velocity perturbations ; (2) an automated post-processing of the migrated image to remove the source signature from the migrated images. Output of the post-processing is an impulsional migrated image parametrized by velocity contrasts. It represents the true-amplitude migrated image that would have been obtained with an infinite frequency source. Moreover, uncertainties of the velocity contrasts can be estimated thanks to a multiple simulated annealing global optimization approach. Conversion from velocity contrasts to absolute P-wave velocities can be performed by simple summation of the velocity macromodel used for PSDM and the impulsional migrated image. This methodology was previously validated on synthetic examples for simple models and on the complex Marmousi model .
Step (1) : Prestack depth migration based on the Ray+Born approach was used in the acoustic approximation . The accuracy of the velocity macromodel for PSDM was iteratively improved using the migration velocity analysis method of implemented in the depth-angle domain. Common Image Gathers (CIG) are stored during migration and semblance panels are computed to estimate a local correction function for the velocity macromodel. During migration velocity analysis, the velocity macromodel is iteratively updated after successive angle-domain migrations until the semblance panels are around 1 for all reflectors. Once this condition is satisfied, all CIGs are stacked to obtain the final migrated image. Once the reflectors on the CIGs are flat, it is sound to proceed with several iterations of ray+Born waveform modeling and migration/inversion to assess the fit of the reflections from the décollement in the seismograms and to estimate the true amplitude of the velocity perturbations . In the end, the migrated section is calibrated thanks to the amplitude ratio between the water bottom reflection and its first multiple . This allows conversion of velocity perturbations from arbitrary to physical units.
Step (2): Due to the limited source bandwidth and source-receiver aperture range, geological interpretation of closely-spaced reflectors may be difficult. In order to remove band-limited effects from the migrated image, we used a specific post-processing sequence applied to the migrated section as proposed by and later improved by . The post-processing (Figure 1 ) is formulated as an automatic non-linear inverse problem where the data space is composed of several vertical logs extracted for the migrated section and crossing the décollement target. Step 2 : Migrated image in depth domain obtained during the step 1 is calibrated to obtain velocity perturbations in physical units (SI) (1). One trace is selected d(z). The source wavelet is estimated using the water bottom reflection from the stack-time section (2). Random log models m(z) are generated and converted in time domain to perform convolution with the source wavelet. The convolved trace is converted in depth domain for comparison with the corresponding migrated trace and to compute the misfit function. Automatic exploration of the model space is carried out by Very Fast Simulated Annealing and uncertainties in the velocity model are inferred from a matrix that discretizes the model space and cumulate the Gibbs error function for each visited cell.
The model space is composed of a series of 1D layered models in depth, parameterized by a limited number of parameters (random velocity and thickness for each layer) bounded within realistic limits. These 1-D models mimic well logs sampling the unknown physical target. To compute the data predicted by these models, each logs are converted from depth to time using the velocity macromodel and con-
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volved with the source wavelet. The source wavelet has been estimated from the stack-time section using the water bottom reflection in the region of interest. The convolved logs are subsequently compared with the corresponding migrated ones. The inverse problem is solved by a random exploration of the model space for each log using the very fast simulating annealing algorithm (VFSA) . Uncertainty analysis of the population of the best-fitting models is performed using several runs of VFSA ). The model space is discretized in a matrix. During VFSA, each accepted model corresponds to a group of visits of each matrix cell. Each visit is weighted by the Gibbs error function of the accepted model and cumulated. It has been shown that for a large number of iterations, this weighted frequency matrix converge towards the posterior probability density function (PDF) .
APPLICATION
The real data used for this application was acquired in the Ecuador convergent margin during the SISTEUR cruise . We have processed 5 lines located in the Gulf of Guayaquil, referred from South to the North as lines 72,73,20,18 and 70 respectively (Figure 2) preserved amplitude pre-processing of data was applied before migration including mute, deconvolution, bandpass filtering and multiple attenuation. An initial velocity macromodel for each line was built from a classic CDP velocity analysis followed by interval velocity conversion using the Dix formula. The interval velocity-depth logs were subsequently interpolated and smoothed to build the 2D velocity macromodel for PSDM. PSDM with iterative correction of the velocity macromodel has been applied to obtain two-dimensional quantitative images of the subduction channel. An example of PSDM image for the line SIS-73 obtained after 2 corrections of the velocity macromodel is shown in Figure 3 . Migration velocity analysis was applied on all lines to correct the velocity macromodel. A region around the subduction channel was selected on all the lines. Close-ups of the depth images around the subduction channel are shown in Figure 4 . During the iterative ray+Born modeling and migration, the amplitudes of the migrated images have been strenghtened. Iterations were stopped when the L2-norm of the misfit between observed and Ray+Born synthetics reached its minimum value.
We have applied the automatic post-processing sequence (described above) to the migrated images in the area of the décollement. In this paper we present some results obtained for the line SIST-72. During post-processing of the migrated image, we have selected one trace every x 250m and we have tested approximately 1500000 models for each trace in the VSFA inversion. Results are summarized in Figure 5 .
In Figure 5 one can note that different reflectors signatures in the bandlimited migrated image (Figure 4 ) lead to variations of the impulsional model anomalies. However, negative velocity contrasts along the décollement is a constant feature in most of the impulsional migrated images. Identification of these negative velocity contrasts is not obvious from the band-limited migrated images alone. The match between the band-limited migrated image and the best fitting convolved impulsional model is illustrated in Figure 6 . Negative velocity contrasts at the décollement can be explained by the contrast of the physical properties between the subducted sediments and the overriding plate materials. These negative contrasts are probably linked to the hydraulic conditions of fluids (notably the pressure) inside and below the décollement. Three close-ups of the images of the décollement are also presented in Figure 7 .
Zooms of the décollement (Figure 7 ) reveal that it corresponds to a layer with an average thickness of 80 meters and with a negative velocity contrast on top of around -50 m/s that can reach locally values down to -150m/s. Uncertainties associated with these best-fitting models are also presented in the figure. Figure 8 shows the geological interpretation of the post-processing results.
A possible interpretation of the relationship between seismic signature of décollement and fluids is presented in the qualitative diagram of Figure 9 .
Velocity macromodel inferred from migration-velocity-analysis and the impulsional P-wave velocity model estimated by the post-processing are presented in Figure 10 . The P-wave velocity model has been computed by summation of the velocity macromodel and the best-fitting impulsional migrated section. Thie velocity model provides synthesis of the information of lithological and structural natures that were extracted from the seismic data by our integrated approach.
CONCLUSIONS
An integrated approach based on iterative PSDM and VSFA global optimization has been developed to estimate the fine-scale distribution of P-wave velocities in the décollement of the Ecuador margin. Along the décollement, we have observed three zones of different seismic signatures: (1) a zone with negative velocity contrasts on top of the décollement interpreted as the channeling of fluids, (2) a zone with positive velocity contrasts at the base of décollement, interpreted as diffusion of fluids and (3) a zone with very small amplitudes, possibly related to dry décollement segments. Uncertainties in the velocities have been also estimated from multiple VFSA. We conclude that this approach could be an useful tool to detect fine-scale variations of physical properties along seismic reflectors. These small-scale variations in velocity could be used to map variations in fluid pressure. 65  66  67  68  69  70  71  72  73  74  75  76  77  78  79  80  81  82  83  84 Figure 8 : Colors along décollement are associated with the magnitude of the velocity contrasts on top of the décollement. Cyan indicates contrasts greater than -100 m/s, blue, contrasts lower than -100 m/s and red contrasts close to zero (frequently associated with a positive anomaly on the bottom of décollement). The red zone could be interpreted as a region where fluids are expelled, which could explain the low contrast between materials within and above the décollement. Dashed lines represent a zone where amplitudes of décollement are too small to allow a well constrained inversion. Shaded zones show two structures adjacent to the décollement: a lenticular structure probably associated with underplated sediments; and a zone with reflectors parallel to the décollement (zone P). Point R marks a discontinuity of the décollement geometry. Figure 9: Left : zones with negative velocity contrasts on top of the décollement are associated with the channeling of fluids caused by permeability barriers, enhancing fluids overpressure. Middle : zones with positive velocity contrasts at the base of the décollement could be associated with fluids diffusion to the materials above it. This could be linked to hydrofracturation phenomena. Right : low amplitude zones can be hydrogeologically isolated zones, where décollement is drier. 
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